Unstable growth of cracks (rough crack surface, crack branching) in dynamic fracture have long been observed in various materials. But up to now, no universally agreed-on explanation for why these instabilities happen. Here, we demonstrate that: 1) due to the non-uniform stress distribution in cracked body and the high stress region expands as crack velocity increases, a force-bearing cracked body can be treated as a temporary layer-like materials (TLLM) with a brittle layer that the area of it automatically increases, 2) for this TLLM, it takes one crack to let the stress in its brittle layer falls below some certain value at small velocities, coupled with the asymmetry of whole system, results in rough crack surface, and 3) the brittle layer is large enough when the crack velocity reaches a certain value, two cracks have to be formed, otherwise the stress cannot be reduced below certain value, crack branching happens. Crack propagation is very much like cars traveling on the road, the high stress region in cracked body provides a road to let cracks pass".
Introduction.
Dynamic fracture is of prime fundamental and practical important, has attracted widespread attention from engineers as well as physicists and been frequently studied during the past 80 years . Once the brittle materials begins to break (Mode I), and if the stretch is sufficient, the crack velocity v accelerates toward a material dependent critical velocity v c (first discovered by Schardin and Struth in 1937 [1] , v c ≈ 0.33C R ∼ 0.66C R for hard materials [22] [23] [24] , smaller than the theoretical limiting velocity C R [20, 25] . v c ≈ 0.9C S for 2D soft materials [26] [27] [28] . v c ≈ 0.34C R for 3D soft materials [29] . C R , C S and C L represent Rayleigh, shear and longitudinal wave velocity, respectively), then the velocity starts to oscillate, and correlating with the development of acoustic emission and crack front waves [30] [31] [32] [33] [34] . The critical velocity is usually accompanied by crack branching, as shown in Fig. 1(a,  b) . Sharon et al. [35] concluded that: due to the energy is diverted to the branching cracks cause to the main crack to slow, when the branching crack dies, the energy is re-diverted to the main crack which consequently accelerates until the occurrence of the next branching event, this means the crack branching sets the critical velocity [35] [36] [37] . Below the critical velocity, an increase in crack surface roughness [38] [39] [40] [41] [42] [43] [44] [45] [46] is observed in hard materials and oscillatory crack (oscillation amplitude increases with crack velocity) [27, 28, 47, 48] is formed in 2D soft materials. Linear elastic fracture mechanics [49, 50] falls short of explaining these phenomena [51] [52] [53] . Various hypotheses exist in the literature (stress field rearrangement [54] , interaction of micro-cracks [24] , shear waves [55] , crack front waves [56] , acoustic waves [34] , physical discontinuity or interference of bouncing stress wave [57] , stress waves pile-up in front of crack tip [58] , near-tip elastic nonlinearity [27, 28, 48, [59] [60] [61] [62] , hyperelasticity [63, 64] , anisotropic elasticity [65] , local phase transition [66, 67] , shear perturbation [68] , shear stress [69, 70] and thermal noise [71] ) were suggested to be the possible sources of dynamic fracture instability. Bouchbinder et al. [52] stated in review article: quite like the dynamics of crack tip zone could play an important role in unraveling the physical mechanism driving other instabilities of rapid cracks. Despite the dynamic fracture has been very well reproduced by plenty of number simulations (lattice models [72, 73] , peridynamic [58] , molecular dynamics [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] , phase field models [27, 28, 57, [85] [86] [87] [88] [89] , cohesive zone models [90] [91] [92] and extended finite element method [93] ), a clear physical picture of dynamic crack propagation still remains elusive, the actual mechanism that triggers the instability in dynamic fracture has not been clearly identified [28, 51, 52, 68, 94] .
Unstable growth of cracks not only occur in dynamic fracture, also happen in quasi-static fracture, thermal shock fracture. As shown in Fig. 1(g) , when a hot thin glass strip dips into cold water with constant velocity [95] [96] [97] [98] [99] [100] , an interesting transition between no crack, a straight crack, a periodic or erratic oscillatory crack and two or more branched cracks happens, mainly depends on width L [96] and temperature difference ∆T [97] . There is a certain similarity between dynamic fracture and thermal shock fracture as shown in Fig. 1(h) , thus, the physical mechanism behinds them may be one and the same.
In this letter, we show, once a force-bearing cracked body is considered as a TLLM, why the instability in dynamic fracture happens will be explained.
Three criteria for fracture. The principles governing the fracture can be summarized as the following three criteria: 1) crack initiates in body where stress equals to some critical value (The first strength theory), 2) stress is released as a result of fracture so that it falls below critical value in other parts of the body, and 3) energy consumed by forming the cracks is minimized (The principle of least action). The second criterion promotes more cracks being generated while the third criterion suggests the opposite. The compromise between the two competing criteria determines the number of cracks.
The high stress region in crack tip. Under the basis of small deformation assumption, Yoffe [54] proposed a model in which a finite length crack moves along the direction of the main crack at constant velocity in a linear The lager deformation region increases with crack velocity [68] . (f) Evolution of principal stress during crack propagation [57] . (g) Thermal shock fracture [95, 98] . (h) The similarity between dynamic fracture and thermal shock fracture. elastic solid, the hoop stress field in crack tip is [25, 54] 
Where K I is the stress intensity factor, θ and r are polarcoordinates centered at the crack tip with θ measured counter clock wise from the growth direction. Fig. 1(c) shows the change of hoop stress σ θ with crack velocity.
The normalized length of high stress region is
As shown in Fig. 1(d) , the high stress region enlarges as crack velocity increases, the normalized length roughly doubled when the crack velocity increases to 0.53C S . Similar results have been observed in experiments [68, 101] and obtained by numerical simulations [57, 64, 78, 82, 91, 92] . For instance, Goldman et al. [68] investigated the dynamic fracture of a soft material (polyacrylamide gels) and shown the lager deformation region in crack tip changes its shapes as crack velocity increases as shown in Fig. 1(e ). Sundaram and Tippur [101] investigated the dynamic crack initiation, growth and branching of a hard material (soda-lime glass) and shown the maximum distance ahead of crack tip at which the stress becomes equal to the tensile strength of material increases with the crack velocity. The simulation results carried out by Pereira et al. [57] shows, immediately before branching, the high stress region at the crack tip approximately doubled as shown in Fig. 1(f) . Actually, the high stress region in crack tip expends with the increasing of external loads even before fracture (when no loads is applied, there is no high stress region) [49, 50] , this trend will continue in dynamic fracture.
The fracture of layered materials. Leave the dynamic fracture aside for a moment, consider the fracture of layered materials. As shown in Fig. 2(a) , a brittle coating layer (thickness h 1 , Youngs modulus E 1 , Poissons ratio v 1 , tension strength σ * ) is fully bonded to a substrate layer (thickness h 2 , Youngs modulus E 2 , Poissons ratio v 2 ), h 1 h 2 , and subjected to a uniform tensile loads (its tensile strain is equal to ε) in the substrate, forces will be transferred to the coating layer though inter-layer (thickness h 3 , shear modulus G 3 ), h 3 h 2 . As shown in Fig. 2(c) , the maximum stress appears in the middle point of coating layer, when this stress is equal to the tensile strength, corresponds to the critical length [102, 103] . The segment length after fracture must be less than l * according to the second fracture criterion. Due to the maximum stress only appears in the middle point of the coating layer when l = l * , thus the fracture location is unique and the fracture is stable. The coating layer will not fracture when l < l * because the maximum stress is less than the material strength as shown in Fig. 2(b) . The stress are equal in the middle segment of coating layer before fracture when l > l * as shown in Fig. 2(df) , together with the defects in materials, leads to the fracture location is not unique compare to l = l * , results in the fracture is unstable. The number of cracks and fracture locations in coating layer are closely related to its length. Therefore, for layered or layer-like materials, two cracks may be formed when
the number of cracks shall not be less two if
The instability in dynamic fracture. Now lets see why and how the instability in dynamic fracture happens. Consider a cracked body is subjected to external loads as shown in Fig. 3 , the stress is high around the crack tip, and low elsewhere in the body. Treat the high stress region as the brittle layer in layered materials in Fig. 2(a) , and treat the low stress region as the substrate layer. Thus, a force-bearing cracked body can be considered as a TLLM. This TLLM is formed due to the presence of crack. Other TLLMs (cracks induced by desiccation [104] , craquelure in ceramics [105] , thermal shock crack [106, 107] , frozen impacted drop [108] and broken windows [109] ) are shaped because part of the body is subjected to external loads at some point, while the other part does not. Whatever the reason, the final result is the same, just like a force-bearing layered materials, the stress distribution is non-uniform. The spatial distribution of crack tip stress changes shape and flattens with increasing of crack velocity based on the theoretical [25, 54] , experimental [68, 101] and numerical [57, 64, 78, 82, 91, 92] studies, means the length of the brittle layer in this TLLM automatically increases.
Think of it this way. For every crack velocity, let time be frozen in this moment, treat the cracked body as a TLLM and analyze how the brittle layer in it breaks to
The principles governing the fracture: meet the three fracture criteria under the current stress states (the whole fracture process of a cracked body is the fracture of a series of TLLMs). As shown in Fig. 3(a) , the stress in angle of 0 • is smaller than the critical stress σ c when the external loads is small, so the crack will not propagate. With the loads increase, the stress in angle of 0 • will be equal to the critical stress σ c at a certain loads, at this condition (quasi-static fracture, a specific case of fracture), there is only one way to break the brittle layer, which the crack can only propagate along the angle of 0 • , it is stable, as shown in Fig. 3(b) . The crack velocity will accelerate if the external loads increases further, resulting in there exists equal stresses over a wide region of the crack tip as shown in Fig. 3(c, d) , leads to the growth of crack becomes unstable. For small velocities, one crack is enough to meet the second and third fracture criteria. Due to the existence of material defects or tiny vibration of apply loads, this means the whole system is asymmetric, leads to the fracture position is hard to keep in the middle as shown in Fig. 3(c) , results in the crack surface become rough, and the roughness increases due to the high stress region enlarges with crack velocity. As shown in Fig. 3(d) , when the brittle layer exceeds a certain value θ * D2 , one crack will not be able to meet the second fracture criteria, two cracks have to be formed, crack branching happens.
For elastic materials, combining Fig. 1(d) with Eq. (3, 4), there is a possibility (the faster the speed, the higher the probability) that two cracks are formed at crack velocity between 0.45C s ∼ 0.53C s , two cracks have to be formed when the velocity exceeds approximately 0.53C s , this is close to the critical velocity measured in experiments 0.33C R ∼ 0.66C R [22] [23] [24] . For other materials (plastic, hyper-elastic, visco-elastic, etc), it is difficult to obtain an analytical solutions of stress field in crack tip for its quasi-static fracture, let alone the dynamic fracture. Therefore, objective to quantitative study these materials, numerical methods may be the best practical option [27, 28, 57, .
Regarding the crack pattern formed by dipping a hot thin glass strip into cold water [95] [96] [97] [98] [99] [100] , which a two layer-like structure (high and low temperature) is formed at the instant of insertion. Consequently, the physical mechanism as shown in Fig. 2 drives the rest of the process. The instability in crack propagation is similar to a phenomenon in our life. Suppose we have two cars and one rough road. If the road is too narrow, cars will not pass through. If the road width is exactly equal to the car width, the car trajectory is a straight line. If the road is slightly wider, less than twice the car, the trajectory may be a sinusoidal curve. If the road is wider than twice the car, two cars may run side by side. For fracture mechanics, external loads building a road (high stress region) in crack tip to allow cracks to pass (propagate).
Conclusion. In summary, the whole picture of this letter is a typical Aristotelian modal syllogism: 1) The fracture of layered materials is unstable due to the three fracture criteria must be met, 2) A force-bearing cracked body can be considered as a temporary layer-like materials with a high stress layer that the length of its increases as crack velocity increases, 3) Thus, for the same reason, the growth of cracks in dynamic fracture is unstable. This study mainly discusses the origin of unstable growth of cracks in 2D media, future research should address the instability (branch lines, topological defects) in 3D media [29, 33, 47, [110] [111] [112] [113] .
